The relationship of the XY model, which arises from a C4" image, to the phase transition in the rareearth molybdate Tb2(Mo04)3 (TMO) is discussed. We point out that this model does not describe the TMO transition, but that a Landau expansion arising from a C4 image is the appropriate free-energy model. 
in the XY model with cubic anisotropy. He emphasized, in a quite thorough discussion, that the extension of the Landau expansion to higher orders may significantly affect the resulting phase diagram. For the XY model, $s terms generate a new symmetry breaking and the generic phase appears as a possible lower-symmetry phase. ' Here we use the term "generic phase" to characterize the phase which has maximum symmetry breaking, i.e. , the symmetry group mapped onto the identity matrix by the homomorphism.
Higher-order terms beyond those of eighth order are "irrelevant" in that they do not introduce additional phase symmetries.
Within the Landau theory of phase transitions the freeenergy expansion is constructed as an invariant function of the representation basis. It is usually assumed that the transition is driven by a single, multicomponent order parameter -the vector of an irreducible representation (irrep and it corresponds to the subgroup 1 of C» (while there are three subgroups for the C4" image). This is consistent with the results of Gufan and Sakhnenko' for the C4 image. The transition must always be to the generic phase, obtained as the inverse of & which is Cf" for this case.
As can be seen from comparing the two models the two expansions are closely related. For example, the C~"expansion can be obtained from the C4 expansion by requiring u2(P, T) = w2(P, T) 0. It appears as though the C4"model is obtained as a special case of the C4 model. Also Ref. 6 indicates that by a choice of basis the v2 and w2 terms can be removed. %e make the following arguments, however, to show that the models are not equivalent.
First, the models are to describe regions of P, T space near the transition. The conditions u2(P, T) -w2(P, T) -0 can be satisfied for a point in the P-T plane but not in a region. Thus the additional fourth-and sixth-order terms in the Cq free energy will appear for a dense set of P-T points. Similar arguments apply to the choice of basis at points in the P-T plane. Second, it is important to note that there is the significant difference in the order-parameter symmetries giving rise to the two free-energy expansions. The transformation properties of the C4"order parameter are defined by the larger set of transformation matrices (larger image group).
For example, the mirror reflection a. " is not a transforma- to a fixed order-parameter direction on the first-order side of (but near) the tricritical point even if the coefficients in the Landau expansion are assumed pressure and temperature dependent. For the free energy of Eq. (2) at a continuous transition, Eq. (4) implies no temperature dependence of 8 when~~and~2 are temperature independent. However, if the system is near a tricritical point on the first-order side (so that we need the expansion to sixth order for stability), then Eq. (3) implies a temperature dependence of 8 even when~~,~2,~~, and~2 are independent of temperature. This temperature dependence comes from the order parameter r which varies as ( T To) ' 2 on the -lowsymmetry side of the transition.
Notice that if we restrict our attention to a continuous transition, and thus consider the free-energy expansion to fourth order, a continuous transition occurs at g~-0, with u2+uicos(48)+u2sin(48) )0, 'S. Gslam, Phys. Rev. B 31, 15S4 (1985) .
